The experiment was carried out to study the effects of different doses of pig dung on the growth rate of Catlacatla during the summer season. Rate of application of pig dung doses were 10000 kgha -1 yr -1
yr -1 (T 4 ) and control. The control pond did not receive pig dung. After 10 days of application of pig dung, Catla was stocked at the rate of 8,000 nos./ha in the fish ponds. Sampling was done at 15 days interval to study the growth rate and health status of the fishes. At the end of 3 months period, the fishes were harvested, and the performance of growth, survival and total production was recorded viz. 72.92±6.41g.The results of the study clearly indicated that in the indirect integration system of pig-fish farming, where fresh pig dung contains 0.61% nitrogen, 0.50% phosphate-phosphorus (PO 4 -P), the dung load of 20000 kgha -1 yr -1 is optimum for satisfactory growth of catla, which yield an average production of 5354.00 kgha
INTRODUCTION
Aquaculture has grown at an impressive rate over the past decades. The present global fish production is 158.0 million tonnes of which aquaculture contribute 66.6 million tonnes (FAO, 2014) .India presently holds the second position in global fish production by registering an annual growth rate of 6.0% with total fish production of 8.67 million tonnes of which 5.29 million tonnes is from the inland fisheries sector (Anonymous, 2014) .On a global basis, most cultured freshwater fishes are produced in Asia in semiintensive systems that depend on livestock wastes purposely draining in ponds. The use of livestock wastes is still needed, even when high-quality supplementary feeds are available and they are still widely used in more intensive aquaculture systems. Livestock production and processing generate by-products that may be important inputs for aquaculture. The main linkages between livestock and fish production involve the direct use of livestock wastes, as well as the recycling of manure-based nutrients which function as fertilizers to stimulate natural food webs.Integrated farming is commonly and narrowly equated with the direct use of fresh livestock manure in fish culture (Little and Edwards, 2003) . For a long time now, animal manures are used in fish ponds as a source of soluble phosphorus, nitrogen and carbon to maximize the algal growth and natural food production (Ali., 1993; Njoku, 1997; Knud et al., 1998; Abbas et al., 2004) . Animal manure is often used in semi-intensive systems to improve primary production of ponds and fish growth (Nwachukwu, 1997) .The recycling of animal dung/ wastes in fish ponds for natural fish production is important for sustainable aquaculture and to reduce expenditure on costly feeds and fertilizers which form more than 50% of the total input cost (Dhawan and Kaur, 2002) .As per Network of Aquaculture Centers in Asia (1989) ,the faeces of pig contain 0.6% nitrogen, 0.5% phosphorus (P 2 O 5 ) and 0.4% potash along with 85% moisture and 15% organic matter. This clearly indicates its ability to enhance biological productivity of water body. Time and dosage of organic manuring significantly affect the ecological processes of pond ecosystem. It encourages the organic loading and aerobic conditions, which reduces the heterotrophic activities. Manure input and fish yield are directly related with each other (Ansa and Jiya, 2002) . However, indiscriminate use of these manures in fish ponds, instead of improving the pond productivity, may also lead to pollution.Therefore, it is necessary to know the actual standard dosage of pig dung, which would keep the physico-chemical parameters of pond water body in a favourable range required for enhancement of primary productivity of the water body and thereby, the survival and growth of fish. Considering the importance of sustainable aquaculture in the present context of rapid global climate change which eventually provides a better room for integrated fish farming to cope up with the socio-economic and ecological rationality. The present study has been taken up.The study is mainly emphasized on the effects of different doses of pig dung on plankton population, production and growth performance of Catlacatla. (T 2 ), 20000 kgha -1 yr -1 (T 3 ) and 25000 kgha -1 yr -1 (T 4 ) and control. The ponds were completely dewatered, and the bottoms were exposed to sunlight for 10 days. Then the experimental ponds were filled to the required depth and limed according to pH of the water to make the pH level optimum for the growth of fish which is 6.5-7.5.One third of the total lime required for the year was applied as the initial dose. Quick lime was used for the study. After 7 days of liming, the experimental ponds were manured with 10000 kgha -1 yr -1 , 15000 kgha -1 yr -1 , 20000 kgha -1 yr -1 and 25000 kgha -1 yr -1 of pig dung. One third of the total requirement of the dung was mixed with water and spread evenly on the surface of pond water as a first installment, and the rest were applied in heaps in equal installment at 15 days intervals. The control pond did not receive pig dung. Liming was done accordingly. After 10 days of application of pig dung, Catla was stocked at the rate of 8,000 nos. ha -1 . Sampling was done at 15 days interval to study the growth rate and health status of the fishes. Total weight of a minimum of 10 fishes of each species of all experimental ponds was recorded. At the end of 3 months period, the fishes were harvested, and the performance of growth, survival and total production was recorded. For effective harvesting, the ponds were partially dewatered. All the data so obtained were analyzed and interpreted with different pig dung doses. Plankton analysis (ml/50l): Qualitative and quantitative analysis of plankton was carried out following Pillai (1986) , Needham and Needham (1986) , and Battish (1992) For counting of plankton drop count method is used. In this method, one drop of the sample is pipetted out from a calibrated pipette onto a glass slide, and the planktonic organisms are counted in strips. The total area under the cover slip represents the number of organisms present per given volume of the sample. The fortnightly estimation of plankton volume (ml/50l) of water done.
MATERIALS AND METHODS

RESULTS
Total plankton volume ml/50 liter of water: The fortnightly estimation of plankton volume (ml/50l) of water is presented in Table- 1. Volumetric estimation of plankton biomass included both phytoplankton and zooplankton. The average value of plankton volume was 2.84±0.76 ml, 3.33±0.85ml, and 3.48±0.83ml, 4.09±0.65ml in T 1 , T 2 , T 3 , and T 4 respectively. In T 2 higher volume of plankton was observed than T 1 , the value ranges from 2.33 ml to 4.54ml/50l. In this treatment, the plankton volume showed an increasing trend from 1 st to 13 th sampling day. In T 3 plankton volume ranged from 2.53 to 3.77 ml. The T 4 showed the higher volume of plankton among all the treatment, the value steadily increased, to 5.40 ml on 13 th sampling day, where as in control, plankton volume ranged from 0.24 to 0.43ml/50lduring the experimental period. Qualitative analysis of plankton: The dominant groups of plankton identified during the 3 months periodsareare listed below: Table - 1. In all the treatments, the survivality of catla was found to be the best (75%), the highest survivality was observed in T 1 (75%) followed by T 2 (72.81%) T 3 (71%) and T 4 (61.87%). The fish also showed better survivality in control (74.06%). Catla being the surface feeder, the highest survivality may be due to the appropriate production of plankton in the treated ponds due to the addition of pig manure. The highest fish production was achieved in T 3 (5354.00 kgha -1 yr ). Though the survival percentage was higher in T 1 , control and T 2 respectively, the growth of fishes was not found satisfactory. In T 3 all the species of fishes showed better weight gain. It was observed in the present study that though the survival percent was found to be best in T 1, total yield was found to be low. The highest production was observed in T 3 , with pig dung dose at the rate of 20,000 kg ha -1 yr -1
. In T 2 and T 3 growth and survival of catlawere found to be good, which may be attributed to the increase in the amount of pig dung. Increased dung load resulted in the improved nutritional status of soil and water and plankton production. However further increased in organic load was not observed to augment growth of fishes in T 4, due to the imbalance of production and consumption of primary producers, coupled with deterioration of water quality parameters, mainly morning DO level (2.08±0.24) and accelerate the production of ammonia (0.88±0.22 mgl -1 ).
DISCUSSION
The success of fish culture operation depends on the favourable aquatic environment for the production of desirable fish food organisms.Water and soil of an aquatic system play a conducive role in the growth of fish and water being the prime requisite to support aquatic life, its physico-chemical properties are responsible for maintaining the aquatic environment and makes it favourable for aquatic organisms. Pond fertilization is a management protocol to enhance biological productivity using both organic manure and inorganic chemical fertilizers. It is therefore essential to have proper knowledge of the growth of fish food organisms and thereby pond productivity and fish growth.The use of pig manure as a source of nutrients for fish production makes good economic and ecological sense. A uniform production of plankton has also been reported from ponds recycled with pig dung (FAO, 2014). Kalita et. al. (2012) stated that different types of algal species are found responsible for blooms in ponds treated with pig excreta. Increases in pig production in China are attributed not only to their value for meat production but because pigs are viewed in China as a "costless fertilizer factory moving on hooves" (FAO, 1977) . Manures are not as nutrient-rich as inorganic fertilizers, but they efficiently promote robust algae blooms (Conte,2000) . The nutritional value of pig manures to phytoplankton is variable. They contain not only the primary nutrients nitrogen, phosphorus and potash, but also supplies of secondary nutrients required by plants (Chastain et. al. 2003) from many inorganic fertilizers. In the present study, the treated ponds T 1 , T 2 T 3 and T 4 received pig dung. The manure loads went on increasing from T 1 to T 4 being 10,000 kgha -1 yr -1 (T 1 ), 15000 kgha -yr -1 (T 2 ), 20000 kgha -1 yr -1 (T 3 ), 25000 kgha -1 yr -1 (T 4 ). Thus, nutrient status and total alkalinity also increased in these ponds accordingly. The values of total alkalinity were 124.02±10.1, 125.97±11.9, 127.07±12.5 and 129.81±14 for T 1 , T 2 , T 3 and T 4 respectively. The pattern of the constant increasing trend of plankton in the treated ponds during the study period confirmed the role of water temperature and photoperiod (Tavares et al., 2010) , pH and total alkalinity (Prithwiraj et al., 2008) . NO 3 -N and PO 4 -P-status of pond water (Freid et al. 2003) and DO (Gormaz et al., 2014) in production profile and total plankton production. Diana et al.(2012) reported the volume of plankton in the range from 1.2 to 7 ml/50l in a pond where pigs were stocked at the rate of 40 no.ha -1 . At the same density of pig, Sun et al. (2010) estimated plankton production in the range between 0.5 ml and 2ml/50l. According to Kumar et al. (2012) , plankton value should not be below 2ml/50 for carp culture ponds.The biological productivity of any aquatic body is generally judged through the qualitative and quantitative estimation of plankton, which forms the natural food of fish (Naga, 2002) Animal wastes lead to increased biological productivity of ponds through various pathways, which result in an increase in fish production The plankton production was significantly higher in ponds receiving pig dung than in control ponds. This may be due to a high level of water-soluble phosphates in the pig dung (Naga, 2002) . In the present study average volume of total plankton was 2.84±0.76 3.33±0.85, 3.48±0.83, 4.09±0.65 ml50l -1 in T 1 , T 2 , T 3 , T 4 treatment respectively indicating high productivity in T 3 and T 4 .
In the integrated pig fish farming system (indirect) developed in the present study, the productivity level achieved in the T 3 was found comparable to most of the results obtained so far in India and abroad. Dhawan and Kaur (2002) conducted a pig-fish farming experiment in 0.1ha pond with pig and fish density at the rate of 40 and 8500ha -1 pig and fish respectively. The productivity was 6791.70 kg -1 ha -1 yr -1
. Catla showed the survival rate of 71.35%, whereas, in the present experiment with a similar density of fish, the highest productivity to the tune of 5354.00 kgha -1 yr -1 was observed in T 3 with the pig dung loadat 20000 kgha -1 yr -1
. The survivality rate observed in catla was 71%.Similar results were also achieved by many workers (Mlejnkova et al., 2012) .Such performance of the surface feeder is attributable to the abundance of fish food organisms at the surface layer of water in pig-fish farming system. In the present study 40% of the total stocking density comprised with the surface feeder (catla). Tabindaet. al.(2009) suggested the stocking density of more number of filter feeding fishes in the manure loaded pond. The main reason of the best production in T 3 may be attributed to the abundance of fish food organisms such as phytoplankton and zooplankton, benthic insects, worms, larvae and a great number of microorganisms in, where physico-chemical water parameters and nutrient level were also in favourable range. Besides consuming the natural food organisms, the fish in the treated pond were also observed to feed directly on pig excreta, exhibiting their coprophagus nature corroborating the findings of Le mare (1952), where he observed direct feeding of pig-dung by carps. The probable reason for low fish production in T 1 was less production of fish food organism which is also partially applicable in the case of T 2 . In T 4 due to very high organic load, water quality started to deteriorate particularly low morning DO and high ammonia production which correlates with the findings of Boyd (2006) . Fishes were constantly under stress condition which is reflected in overall low survivality low individual growth rate and final production profile in all the replications of T 4.
Conclusion
To study the effects of different dosages of pig dung on the growth performance of catla, an experiment was carried out with the key objectives of developing sustainable aquaculture by applying pig dung in the ponds. The foremost part of the research work was to optimize the dosage of pig dung for improving the biological productivity of pond ecosystem there by maximizing the productivity.In the present study, among phytoplankton, cyanophyceae was the dominant group followed by chlorophyceae, but the diversity of chlorophyceae was observed more than cynophyceae and among zooplankton, Rotiferawas, the dominant group. The results of the study clearly indicate that in the indirect integration system of pig-fish farming, where fresh pig dung contains 0.61% nitrogen, 0.50% phosphatephosphorus (PO 4 -P), the dung load of 20000 kgha -1 yr -1 is optimum for satisfactory growth of catla, which yield an average production of 5354.00 kgha -1 yr -1 .The above study also reveals that pigdung even at a higher dose did not adversely affect the physico-chemical parameters of water. The pond productivity was significantly higher in manured ponds than control ponds. The growth of C. catla in manured ponds was better than in control ponds.
